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MERGING APPROACHES TO IMPROVE BEAR DISTRIBUTION ESTIMATES 
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My dissertation aims to contribute to the knowledge of Andean bears in Peru. The 
Andean bear (Tremarctos ornatus) is the sole bear species in south America. The lack of 
knowledge on different aspects of Andean bear ecology, biogeography, and abundance 
patterns hinders current conservation efforts for the species. I compiled Andean bear 
occurrence records in Peru with collaboration from many colleagues and created an open-
access database at the GBIF data repository. Next, I modeled the distribution of Andean 
bear within Peru and compared estimates including and excluding unpublished records. I 
found that models combining published and unpublished records estimated broader and 
more connected predicted occurrence areas than models that only included records from 
the published literature. Estimates were improved by using unpublished records because 
key data added from unsampled localities reduced spatial sampling bias.  
I used 15N stable isotopes analyses of hair samples to infer diet composition and 
trophic position for all eight bear species in the world by comparing bear 15N values to 
reference mammal species and to published dietary studies. I also examined how the 
ix 
frequency of reported human-bear conflicts related to bear trophic positions. I found that 
most bear species were mainly herbivorous (low15N) and similar, while the few more 
highly carnivorous species (high15N) differed among themselves in trophic position. At 
least one bear species ranged from herbivorous to carnivorous between sampling 
localities. The 15N signatures of bears were uncorrelated to the frequency of livestock 
predation or crop damage reported, indicating bear-human conflicts are not related to 
bear diet composition. 
Since undertaking effective conservation decisions and actions for broadly 
distributed species such as bears depends on large-scale information, individual efforts 
fall short in developing full understanding of conservation needs. Thus, I encourage the 
use and publication of raw data from opportunistic observations, reports of natural park 
rangers, student theses, and small independent studies to gain better knowledge 
particularly for poorly studied species. Also, similar diet patterns among bears suggests 
that techniques developed for dealing with human-bear conflicts for certain bear species 
can be applied to others as well, which could enhance bear conservation worldwide. 
x 
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AN OPEN ACCESS, OCCURRENCE DATABASE FOR ANDEAN BEARS IN 
PERU 
1.1 Introduction  
Acquiring information on the conservation of wildlife species can be expensive to 
obtain, particularly when conducting long-term studies of rare species in developing 
nations, and individual research efforts may not be sufficient to develop an understanding 
of conservation needs. Conservation strategies are constrained by absence of information 
on the ecology, biogeography, and abundance of target species; thus, collaboration 
among researchers is essential (Costello, Vanhoorne, & Appeltans, 2015).  
 Data can generate new knowledge and can be reused and analyzed in different 
ways (Zimmerman, 2008). Interpretive publications are important, but publishing raw 
data represents an opportunity to further our knowledge by reusing data to answer new 
questions and by combining them with other datasets, as well as to show transparency for 
work being conducted (Michener, 2015). However, studies have shown that less than 1% 
of data from articles utilizing ecological data were made available (Reichman, Jones, & 
Schildhauer, 2011) and, even when journals required publication of raw data, this request 
was not frequently met (Savage & Vickers, 2009). The data-sharing culture among 
ecology researchers is evolving slowly, and data repositories are developing in order to 
facilitate data publication and standardization. Global Biodiversity Information Facility 
(GBIF) is one of the most popular data repositories (Robertson et al., 2014); this 




and with different creative common licenses.  
 Studies of Andean bears (Tremarctos ornatus) are challenging, due to the elusive 
behavior and biology of the species, and resulting from their living in remote areas with 
difficult access. Although new knowledge of these bears has been produced in recent 
years, there are still gaps of information in fundamental aspects of Andean bear ecology, 
including its distribution (García-Rangel, 2012).  
To improve upon the current knowledge, while helping to fill this information 
void on Andean bears, we used the GBIF data repository to create an Andean bear 
occurrence database for Peru. Peru currently does not have a country level biodiversity 
data repository, such as Colombia with the SiB and Ecuador with BIOWEB. 
This database was created by compiling Andean bear records for the years 1980-
2018 from a variety of sources, because older records were not found. Although 
differences in the precision, effort, and study design exist, this compilation is highly 
valuable, because it is the first such database for this species. This database may be used 
by policy makers, researchers, and students, and could lead to further knowledge of 
Andean bear populations in Peru, by allowing comparative studies and studies at larger 
temporal and geographical scales. 
1.2 Methods 
1.2.1 First-hand published and opportunistic records 
We contacted 59 people for our study, including 40 researchers who could 
potentially have Andean bear records based on projects in which they were involved, 




recommendations for obtaining additional records.  This included researchers in other 
fields, such as ornithology and botany, who had potentially spent time in Andean bear 
habitats, such as cloud forests in Peru. We also contacted 19 directors of protected areas 
in Peru listed as areas with Andean bear presence (Figueroa, 2013; SERFOR, 2016).  
Contact with researchers and directors was made by e-mail (twice, if necessary), 
and we also personally contacted two directors in their offices. After a brief introduction 
of the project, we asked if they would share their Andean bear information, and if they 
could provide contacts for others who may have information. We asked them to provide 
the geographic coordinates, date, type of record, and other relevant information related to 
the records, such as the sampling effort of the study, as well as the citation of the 
publication associated with the records, if appropriate. Finally, we formatted the 
information obtained according to the Darwin Core format (Wieczorek et al., 2012) used 
by GBIF, which includes data fields such as source, type of record, coordinates, data and 
other relevant information from the records (Table 2) and proceeded to publish the GBIF 
repository. 
1.2.2 Literature review 
We created a literature review by using Google Scholar to search for peer-
reviewed articles, with “Tremarctus ornatus” and “Peru” as key words. We also looked 
for gray literature at Peruvian universities, nongovernmental organizations (NGOs), and 
governmental websites. When geographic coordinates of the records were not provided in 
publications, we georeferenced the maps provided in those publications and took the 




(Environmental Systems Research Institute, Inc., Redlands, CA).  When a publication 
had no locations or maps, it was not included in the database. We contacted authors of 
these publications, as indicated above. We did not include existing records of the Andean 
bear in Peru from other databases in GBIF or other data repositories, such as the Tropical 
Ecology Assessment and Monitoring (TEAM), in order to avoid duplication. Other 
databases in GBIF included 20 Andean bear records in total at the moment of the 
submission of this manuscript (Field Museum of Natural History (Zoology) Mammal 
Collection, AMNH Mammal Collections, Rapid Assessment Program (RAP) Biodiversity 
Survey Database, LSUMZ Mammals Collection, MVZ Mammal Collection (Arctos), 
iNaturalist Research-grade Observations, NMNH Extant Specimen Records and 
Vertebrate Zoology Division -Mammalogy, Yale Peabody Museum), and the Tropical 
Ecology Assessment and Monitoring (TEAM) had 2 locations with Andean bear records 
for Peru. 
1.2.3 Environmental impact study reports 
We reviewed reports of environmental impact studies (EIS) from projects in 
regions where the Andean bear may be present according to previous literature (Wallace 
et al., 2014). EIS reports from mining projects since 2011 were available at the Peruvian 
Ministry of Energy and Mines website.  We requested EIS reports for oil exploration and 
hydroelectric projects from the Ministry, because they were not available online. We only 
reviewed detailed and semi-detailed environmental impact studies, but not environmental 
impact statements, because these do not contain biological evaluations. We also reviewed 




1.2.4 Data quality control  
Geographic coordinates of records were plotted by using Arc Map 10.5. in order 
to verify the congruence of the spatial information with the information provided from 
literature and researchers.  Records were projected and converted to decimal degrees in 
order to meet the requirements of GBIF.  Most of the records were georeferenced by 
using a Global Positioning System (GPS), which has an error of 5-10 m. However, when 
records were georeferenced from maps and not obtained directly from researchers, errors 
likely resulting from the resolution presented in the publications and precision of 
coordinate details were provided for each record. Direct and indirect records included in 
the database that were not previously published were validated directly by researchers or 
rangers, and the characteristics of the record are included in the database for further 
evaluation.  
1.3 Results 
We obtained 973 Andean bear records throughout much of Peru (Fig. 1).  Replies 
were obtained from 37 of the 59 people contacted, representing 83% of researchers and 
21% of protected-area directors.  Most of those contacted (67%) shared their records, and 
half of the people that responded also suggested new contacts, adding 20 new researchers 
to the original contact list and adding records to the database (Table1). 
 A total of 479 records were already published in gray literature, including 
dissertations, reports, guides, and books; 166 were not published previously and 328 were 
published in peer-reviewed journals, including notes and journals in Spanish. The 




d8bd891e8ca5. By creating an account in GBIF one can download a cvs file, which can 
be open in Excel. GBIF data type is UTF-8, which has to be specified in order to 
maintain the format when importing the data in Excel. Alternatively, data can be 
downloaded directly into the R programing environment (R Core Team 2019) using the r 
package rgbif (Chamberalain et al., 2019).  
 
Table 1.1 Summary of Andean bear records and their sources obtained for the data base. 
 




Type of author 
affiliation 
Book 285 5 NGO, Protected areas, 
independent 
Dissertation/ Thesis 93 4 NGO, Protected areas, 
independent 
Peer-reviewed publication 328 3 NGO, Protected areas, 
independent 












Even though data sharing is not customary in Peru, we obtained contributions from 
most of the researchers we contacted, and some of these individuals provided additional 
contacts that enabled us to contact more researchers than we originally expected. 
Researchers who work with other taxa provided more opportunistic data, such as 
encounters with bears or indirect records. This information was very important, because it 




used opportunistic records can provide newly identified localities for the Andean bear, 
whereas existent Andean bear studies tend to be concentrated to more restricted areas for 
logistic reasons or different study goals.  Most of the Andean bear information is found in 
gray literature (García-Rangel, 2012); hence, this was also an important source. However, 
because most of the documents and reports of NGOs and governmental institutions were 
not published in peer reviewed journals, the information was less accessible. This is also 
true for dissertations and theses. Thus, inefficient diffusion of information becomes 
another challenge for researchers and managers interested in this species. 
 Even though we are living in the information age, access to that information can 
be challenging in many countries and for many species. Researchers and managers can 
struggle when trying to implement conservation or management actions, due to 
insufficient knowledge; as a result, most of the conservation efforts still focus on research 
(SERFOR, 2016). Data sharing in open-access data repositories can help to accelerate the 
development of scientific knowledge (Michener, 2015), as well as to avoid duplicated 
efforts and make our work more transparent by sharing more than our inferences 
(Reichman et al., 2011). Data sharing as a common practice for researchers, particularly 
when working with at-risk or poorly known species, is advisable, because species 
conservation can be time sensitive. 
 Data-sharing challenges, such as data standardization and data management, can 
be overcome by using the available tools from data repositories, such as GBIF. Although 
this is not the only data repository available, we believe that it best met our needs, as 
GBIF provides technical support and is available in different languages, including 




NGOs, and universities, may need to invest in data managers. Concerns about providing 
the locality of vulnerable species can be addressed by reducing the geographical 
precision, as suggested by GBIF. However, because Andean bears have large home 
ranges (Castellanos, 2011), we believe that this is not likely a concern. We recognize that 
the variability in the precision of the records may be an issue for some future research 
objectives, but we are confident that researchers and managers will take careful 
considerations to align the data with their research objectives. 
1.5 Management Implications 
This database provides information that may be used by managers, researchers, 
and students for the development of conservation or management strategies, such as the 
National Plan for the Conservation of Andean bear, led by the Peruvian Wildlife and 
Forest Service (Servicio Nacional Forestal y de Fauna Silvestre - SERFOR), as well as 
for further studies, training, or other educational purposes. New contributions to this 
database can be made by contacting the corresponding author, and these data may be 
used to complement other records. However, we also encourage the construction of new 











Figure 0-1.1 Distribution of Andean bear records in Peru obtained for the database by 









Table 1. 2 Darwin Core Standard fields used in the database (Darwin Core provides more 
fields than those presented here) 
Used DwC Field Definition Example 
occurrenceID An identifier for the occurrence. Created based 
on the initials of the species, the abbreviation of 
the country, the author or institution name and 








recordedBy A list of names of people, groups, or 





scientificName Scientific name of the species recorded. 
 
Tremarctos ornatus 
basisOfRecord The specific nature of the data record. 
 
Occurrence 




country The name of the country or major 









stateProvince The name of the next smaller administrative 





locality The specific description of the place. Less 
specific geographic information can be 
provided in other geographic terms. 
 
Buffer zone. 
Parque Nacional Rio 
Abiseo 
 
locationRemarks Comments or notes about the Location. 
 
Trail by the river 
decimalLongitude The geographic longitude (in decimal degrees, 
using the spatial reference system given in 




decimalLatitude The geographic latitude (in decimal degrees, 
using the spatial reference system given in 







Table 2 (cont.). Darwin Core Standard fields used in the database (Darwin Core provides 
more fields than those presented here). 
 
Used DwC Field Definition Example 
verbatimElevation The original description of the 




georeferenceRemarks Notes or comments about the spatial 
description determination, explaining 
assumptions made in addition or 
opposition to those formalized in the 











samplingEffort The amount of effort expended 
during an Event. 
 
2 km transects, total 
of 20 km sampled 
 
institutionCode The name (or acronym) in use by the 
institution having custody of the 




dcterms:bibliographicCitation A bibliographic reference for the 
resource as a statement indicating 
how this record should be cited 
(attributed) when used. 




in Bolivia & Peru. 
Wildlife 
Conservation 
Society, Centro de 
Biodiversidad y 
Genética de la 
Universidad Mayor 




de Perú y Antwerp 










REDRAWING SPECIES’ DISTRIBUTIONS WITH UNPUBLISHED DATA: THE 
CASE OF THE SPECTACLED BEAR IN PERU 
Introduction 
Species distribution models (SDMs) are increasingly popular and powerful tools 
with a broad range of management and conservation applications (Brotons, 2014). Using 
existing records, SDMs make predictions for areas that lack actual records either about 
the probability of  species’ occurrence (Guisan & Zimmermann, 2000), or about the 
suitability of habitats for such species (Elith et al., 2011). A limitation to the use of SDMs 
is that high-quality occurrence data are not available for some species and for some 
regions (e.g., presence-absence or presence data accounting for detection). In addition, 
the amount of data required can increase when including covariables, while increasing 
resolution and extent of our models. Datasets with large amounts of high-quality data on 
species of conservation interest are rare in most developing tropical countries (Beck et 
al., 2012). Further, in developing countries access to occurrence data such as museum 
collections, local projects, and theses can be difficult to obtain (Ariño, 2010). Data 
publication is still an irregular practice in most developing countries despite increasing 
efforts to promote it (e.g., Reichman et al., 2011; Tenopir et al., 2015). In addition, data-
sharing can also be very limited as it depends on access to broader scientific platforms, 
and often involves expectations of reciprocity (e.g., co-authorship) (Costello et al., 2015). 
Most species distribution models use presence-only data obtained without a 




of museums and herbariums, but also can be obtained from opportunistic records, such as 
citizen science projects (e.g., eBird), park ranger reports, and incidental observations of 
field biologists. Some authors consider these types of data limit the quality of models as 
absences are neglected (Elith et al., 2011). Presence-only data can also lead to the robust 
estimation of trends and parameters (Jones, 2011; Strien, Swaay, & Termaat, 2013). For 
example, presence-only data can be complemented with more limited datasets with 
known sampling efforts to better estimate relative abundances (Giraud, Coron, & Julliard, 
2016). Population trends also can be estimated from combining presence-only data with 
estimators of local abundance (Pagel et al., 2014), and the spatial biases of SDMs can be 
reduced when pooling different types of data (Fithian, Elith, Hastie, & Keith, 2015). 
Thus, commonly overlooked opportunistic data are not only a valuable resource to be 
used in combination with more rigorous datasets, but, in the case of rare and understudied 
species, these may be the only data that are available (Parchizadeh and Adibi 2018). 
Therefore, the use of unpublished data can help to fill some in gaps  from published data 
without investment in new data collection. 
Data accessibility can be an additional challenge for SDMs. For example, data 
published as primary literature (e.g., peer-reviewed journals) is easy to access, while gray 
literature (e.g., student theses, government and NGO publications) may require more 
effort to obtain because it may not be obtained by web searches. On the other hand, much 
unpublished data exists and can be as valuable as published data, but it is challenging to 
gather since it needs to be obtained directly from the people who collected such data. The 
importance of unpublished data is particularly high for species with insufficient published 




In this study we use published occurrence data from peer-reviewed journals and 
gray literature, and unpublished occurrence data of Spectacled bears (Tremarcos ornatus) 
from our previous study (Falconi et al. 2020) to show how unpublished data can improve 
the estimation of the distribution of this species in Peru.  
2.2 Methods 
2.2.1 Presence and pseudo absence data 
We created a database that includes presence-only records from peer-reviewed 
journals, gray literature, and unpublished data (Falconi et al., 2020). This dataset was 
published in in the Global Biodiversity Information Facility (GBIF) (Falconi, 2019). We 
used records obtained between 2000 to 2018 from this database, where published records 
were considered those published in peer-reviewed journals and gray literature, while 
unpublished records were those in our database that were not published in either peer-
reviewed journals or gray literature.  
In order to test the efficacy of the unpublished data in the SDMs, regardless of the 
amount of data, the records were grouped according to datasets: one including only the 
published records (dataset1: 576 published records), a second including both published 
and unpublished records (dataset2: 576 published records + 109 unpublished records), a 
third including both published and unpublished records, but with an equal amount of 
records to dataset 1 (dataset3: 467 published records + 109 unpublished records). 
Additionally, we used 150 additional published records only for model validation. These 
150 records were chosen randomly from the total of published and unpublished records 




compared to models using additional unpublished data (dataset2) and compared to 
models using unpublished data, but with the same amount of data (dataset3). This 
allowed us to evaluate the effect of new unpublished records (datset2) and account for the 
effect of sample size (dataset3).  
We created pseudo-absences for all datasets from 1000 equally-weighted random 
points obtained from a 1500-km buffer of all the records. This step eliminated areas 
where the bear does not occur, such as the desert coastline and the lowland Amazon 
forest. Additionally, 150 pseudo-absences were created for the validation dataset 
following the same steps used for pseudo-absences for previous datasets. 
2.2.2 Environmental variables selection 
We explored environmental variables (i.e., land cover, bioclimatic and 
topographic) correlated with Spectacled bear presence in previous studies (Cuesta et al., 
2003; Rios-Uzeda et al., 2006; Velez-Liendo et al., 2013; Sánchez-Mercado et al., 2014; 
Figueroa et al., 2016). For land cover we used the Peruvian National Map for Vegetation 
Cover (“Mapa Nacional de Cobertura Vegetal”, MINAM 2015), for bioclimatic variables 
we used Global Climate Data with a resolution of 30 arc-seg from WorldClim (Fick & 
Hijmans, 2017), and for topographic variables we used the USGS digital elevation model 
(USGS, 2017). Land cover categories were modified from the Mapa Nacional de 
Cobertura Vegetal according to humidity and vegetation formations.  The “Perhumid-
Semisaturated” category included the perhumid to semi-saturated forest of the western 
Andean and inter-Andean slope; the “Semiarid” category included semiarid forest of the 




semiarid forest; the “Andean Shrubs” category included shrubs of the western Andean 
and inter-Andean slope; the “Andean grasslands” category included grasslands of the 
western Andean and inter-Andean slope; the “Desert” category included desert; and the 
“Amazon” category included Perhumid forest in the Amazon lowland.  All types were 
converted to continuous variables using Euclidian distance, and were rescaled to 1 km2 
resolution. All raster analyses were made in ArcMap 10.5. (ESRI 2019).  
We fit one model with bioclimatic variables and another with land cover variables 
because land cover variables were correlated to bioclimatic variables. We 
removed the variables that were highly correlated (>0.7) within each model in order to 
avoid collinearity. After comparing the bioclimatic model to the land cover model, we 
selected the land cover model with higher values of area under the curve (AUC) and true 
skill statistic (TSS) for the following evaluations (Table S3). We assessed variable 
importance (Table S4) and evaluated variable effects on the probability of occurrence of 
the Spectacled bear by graphical visualization with an evaluation strip (Elith et al. 2005) 
(Figure S6). 
2.2.3 Model fitting  
We built distribution models in the SDM package (Naimi & Araújo, 2016) for R 
(Core Team 2019) using generalized linear models (GLM), random forest (RF), and 
maximum entropy (Maxent). We used 100 trees for RF and default settings were used for 
GLM and Maxent methods. We used subsampling at 30% of our data in order to reduce 
the effect of spatial bias (Beck, Böller, Erhardt, & Schwanghart, 2014), and used the 




Jiguet, Albert, & Thuiller, 2012). Additionally, we created an unweighted ensemble 
model from the GLM, RF and Maxent models.   
 
 
Figure 2.0-1 Comparison between predicted areas using a threshold of 0.5. (a) Ensemble 
model with dataset 1(only published records) and 2 (published and additional 
unpublished records), and (b) Ensemble model with dataset 1(only published records) and 
3 (published and unpublished records with amount of records equal to dataset 1). Peru 
boundaries (Google, 2020). 
 
(a) Dataset 1 vs. 2 (b) Dataset 1 vs. 3
Exclusively predicted with Dataset1
Exclusively predicted with Dataset2
Exclusively predicted with Dataset1




2.2.4 Model validation and model comparison 
Model calibration was evaluated by calibration plots (Phillips & Elith, 2010) and 
model discrimination capacity by threshold independent and dependent statistics. Area 
under the curve (AUC) of the receiving operating characteristic (ROC) was calculated for 
each model and True Skill Statistic (TSS), Kappa statistic, sensitivity and specificity were 
calculated for a fixed threshold of 0.5 for all models (Table 1). We compared the binary 
predicted area at a threshold of 0.5 for the ensemble models using each dataset by 
subtracting the predicted areas. (Figure 1). Moreover, we calculated landscape metrics in 
order to evaluate isolation and dispersion of the binary predictions for all models using 
the R package Landscapemetrics (Hesselbarth et al. 2019). We calculated Splitting index 
(Split) to measure subdivision of predicted area, Euclidean nearest neighbor distance 
(ENN) to measure the distance between patches and Landscape Shape Index (LSI) to 
measure patch aggregation (Table 2). Additionally, we compared model overlapping by 
using Schoener’s D (Warren et al. 2008) using the R package Dismo (Hijmans et al. 
2017) (TS5). 
2.3 Results 
We found that the three modeling methods and the three datasets produced 
different predictions. Predictions using dataset2 (with unpublished records) showed 
greater extent and more aggregated areas than the predictions using dataset1 for all 
models. Predictions using dataset3 (with unpublished records but with same number of 
records as dataset1 also showed greater extent and more aggregated areas than the 





Figure 2.0-2 Accuracy metrics at a fixed threshold of 0.5 (white point), at equal 
Sensitivity and Specificity (diamond) and at maximum value of Kappa (black point). 
Diamond gets closer to white circle white using dataset 2, showing similar values of 
accuracy with 0.5 threshold and with equal Sensitivity and Specificity threshold criteria. 
Generalized linear models (GLM), random forest (RF), maximum entropy (Maxent). 








































































































































































































































































































































































The overall performance of these models was good, with TSS and kappa values 
>0.4 (Landis & Koch, 1977), and AUC values > 0.9 (Araújo, Pearson, Thuiller, & 
Erhard, 2005). However, differences in model accuracy among the different datasets were 
smaller than differences among the model’s methods (Table 1). RF models had better 
accuracy, higher AUC, TSS, kappa sensitivity and specificity values, followed by maxent 
and GLM models (Table 1). Model calibrations were good overall, with diagonals 
contained within confidence intervals (Figure S2).  
Overlap among models was high overall. Overlap between models with dataset1 
and dataset3 was higher than overlap between models with dataset1 and dataset2. GLM 
and Maxent models presented higher overlap than RF models (Table S5). Predictions 
including unpublished data (dataset2 and dataset3) show a more continuous area than 
predicted using only published data (dataset1) for all methods (Figure S1).  
Binary model predictions using only published data (GLM1, RF1, Maxent1, Ensemble1) 
were more subdivided, more isolated, less aggregated and smaller than areas predicted 
using published and unpublished data (GLM2, RF2, Maxent2, Ensemble2), regardless of 
the quantity of data (GLM3, RF3, Maxent3, Ensemble3). GLM models prediction 
showed less subdivision (higher Splitting index), less isolation (lower ENN) and patches 
more aggregated (lower LSI) than prediction with other methods. RF model prediction 
showed more subdivision (highest Splitting index) and less patch aggregation (highest 
LSI). Maxent models predictions showed more patches isolation (highest ENN). The 
largest increase in the predicted area was using dataset 2, and, while using RF methods 





Table 2.1 Threshold independent and threshold-based statistics of models at threshold 
0.5.  We used the maximum sum of sensitivity and specificity (max SSS) as optimizing 
threshold criteria. Area under the curve (AUC), true skill statistic (TSS), Kappa statistic 
(Kappa), sensitivity (SE) and specificity (SP) are shown. No significative differences are 




 Model AUC TSS Kappa SE SP 
 GLM1 0.90 0.60 0.60 0.76 0.84 
 GLM2 0.90 0.66 0.66 0.85 0.81 
 GLM3 0.90 0.62 0.62 0.79 0.83 
 RF1 0.95 0.68 0.68 0.77 0.91 
 RF2 0.95 0.73 0.73 0.84 0.89 
 RF3 0.95 0.70 0.70 0.81 0.89 
 Maxent1 0.92 0.61 0.61 0.78 0.83 
 Maxent2 0.91 0.60 0.60 0.79 0.81 
 Maxent3 0.91 0.60 0.60 0.77 0.83 
 Ensemble1 0.93 0.65 0.65 0.77 0.88 
 Ensemble2 0.93 0.67 0.67 0.81 0.85 









Table 2.2 Landscape metrics for model predictions of Spectacled bear occurrence using 
0.5 threshold. Generalized linear models (GLM), random forest (RF), maximum entropy 
(Maxent), Euclidean nearest neighbor distance (ENN), Landscape Shape Index (LSI). 
 
 Split ENN LSI Area (km2) 
GLM1 179 2.60 10.9 144196 
GLM2 128 2.55 10 169286 
GLM2 176 2.80 8.53 144339 
RF1 880 3.02 27 78337 
RF2 614 2.86 27.7 92781 
RF3 684 3.05 26.9 87854 
Maxent1 186 3.29 12.9 138426 
Maxent2 140 3.41 16.1 157234 
Maxent3 181 3.03 17 139590 
Ensemble 1 467 3.49 6.9 98133 
Ensemble 2 252 2.85 8.23 121979 
Ensemble 3 305 3.25 7.41 110080 
 
Models using land-cover variables performed better overall than those with 
bioclimatic variables (Table S3), although differences were not significant except when 
using GLM method. The most important variable for the models was Perhumid-
Semisaturated land cover, followed by Semiarid, then Amazon, Dry forest and finally 
Elevation (Table S4). For each model, the effect of predictor variables on the bear’s 




three models with the exception of Dry forest and Amazon vegetation cover. Probability 
of Spectacled bear occurrence presented a positive correlation with the proximity to 
Perhumid-Semisaturated and Semiarid land cover (Figure S6). 
2.4 Discussion 
Our results illustrate how predicted area of Spectacled bear occurrence increased 
when including unpublished occurrence data, irrespective of the SDM method of choice. 
Unpublished occurrence data for Spectacled bears in Peru represented a sample size 
increase of 18%. The addition of unpublished data translated into increases of 14 to 24% 
and increases of 0.1-12% when keeping sample size constant for binary predictions. 
Overall, predicted areas increased aggregation when using unpublished data, independent 
of the sample size, showing a more continuous predicted distribution than previously 
considered for Spectacled bear populations in Central Peru (Figure 1). 
Model accuracy metrics improved when using unpublished data for most models; 
however this pattern did not apply for Maxent models, but accuracy metrics values were 
smaller when we maintained the same sample size in the models (Table 1). Additionally, 
AUC did not change when using different datasets, which suggests that the inclusion of 
unpublished data may not make a significant difference in model performance. However, 
the small amount of unpublished data compared with published data may also be a 






Figure 2.0-3 Suitability predictions of Ensemble model with published and un-published 
data (dataset2). IUCN distribution estimation in light blue. Published records in peer 
review and gray literature in dark blue and unpublished records in red. Peru boundaries 
(Google, 2020). 
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There are valid objections for the use of opportunistic or non-standardized data, 
such as biases from not accounting for imperfect detection (Kéry, Gardner, & Monnerat, 
2010). Also, spatial sampling bias is common and problematic with occurrence data 
because information is typically concentrated in regions that are more accessible and 
where species of interest are abundant. In the case of the Spectacled bear, the spatial 
sampling bias of our initial dataset was reduced after the inclusion of unpublished 
occurrence records from new localities. In fact, the uneven geographical sampling of 
species distribution models with presence-only data may be analogous to imperfect 
detection since species are less likely to be detected in areas less frequently sampled 
(Guillera-arroita et al. 2015). These biases lead to increases in false absences and thus to 
the underestimation of occurrence probabilities (Kéry et al. 2010).  
We selected three different but widely-used species distribution model methods in 
order to show how the inclusion of unpublished records can affect predicted outcomes. 
Although the predicted distribution of Spectacled bears in Peru differed by method, the 
patterns were similar. Differences among methods are inherent to their mechanistic 
details. For instance, RF uses machine-learning and can be more influenced by pseudo-
absences because of relays on the input data (Breiman, 2001) while GLMs can over 
simplify (i.e., linearize) complex relationships among variables. Maxent, on the other 
hand, calculates habitat suitability, and in our case was less affected by the addition of the 
unpublished data as compared to GLM and RF.  For this reason, the use of ensemble 





Land cover variables seem to be good predictors for the Spectacled bear. This 
may be due to the land cover categories reflecting the habitat and resources of the 
Spectacled bear at this spatial scale. However, assessments at finer scales may require 
different predictors in order to identify finer variation in space, since species may relate 
differently to the environment at different scales (McGarigal et al. 2016) The satellite 
images used for the land cover variables were from 2011 and 2012 (MINAM 2015), 
while the Spectacled bear records collected in this study came from 2000 to 2018, which 
could increase error. Although this is a technical limitation, this may not affect the 
premise of this study due to the coarse spatial and temporal resolution used.  
Our analyses show that Spectacled bear distribution includes areas in central Peru 
(Pasco-Junín-Huánuco) omitted by previous assessments (Velez-Liendo & García-Rangel 
2018; Wallace et al. 2013) (Figure 3). This is also an area where the bear’s distribution is 
most disjointed, but including unpublished records shows a more continuous area (Figure 
S1) and it may serve as a critical bridge between northern and southern populations. 
Thus, our models illustrate how easily overlooked data can be used to improve 
conservation targets and prioritize research areas for threatened species. A limitation of 
our analyses is that we only modeled environmental variables and ignored the likely 
negative effects of anthropogenic variables (e.g., population density, roads); these issues 
remain for future studies to assess.  
2.5 Management Implications  
The use and application of species distribution models that rely heavily on data 




will be possible as public online data repositories that merge the published and 
unpublished species’ records become widely available (Falconi et al., 2020). Recent 
increases in mandatory publishing of data in peer-reviewed journals is a step in the right 
direction (Costello et al., 2015), while the challenge then remains for the systematic 
inclusion of reliable opportunistic and unpublished records. The development of managed 
citizen-science applications, such as eBird, that can also be used by specialists are 
feasible approaches to be replicated for other taxa (Sullivan et al., 2009). Although more 
in-depth studies and data certainly result in better management tools and models, 
unfortunately such data are unfortunately nonexistent for many tropical species and 
regions. In light of the global conservation crisis in the tropics, the high costs associated 
with de-novo data collection make it necessary to use as much of the existing data as a 







BEAR DIETS AND HUMAN-BEAR CONFLICTS: INSIGHTS FROM ISOTOPIC 
ECOLOGY  
3.1 Introduction 
Bears, with the exception of the giant panda bear (Ailuropoda melanoleuca) 
which is a bamboo (Poaceae) specialist, and the polar bear (Ursus maritimus) which is 
primarily carnivorous, are considered omnivores (Nie et al. 2015; Thiemann et al. 2008). 
However, the omnivore classification includes multiple trophic levels and diet variation 
(Thompson, Hemberg, Starzomski, & Shurin, 2007). Thus, bear diet classifications 
remain unclear since it depends on the criteria used to delimit categories. For example, 
based solely on tooth morphology, sloth bears (Melursus ursinus) have been classified as 
omnivores-insectivores or as insectivores, American black bears (Ursus americanus) as 
folivores-frugivores, or omnivores, and brown bears (Ursus arctos) as omnivores or 
carnivores (Donohue, Desantis, Schubert, & Ungar, 2013; Pérez-Ramos et al., 2019; 
Sacco & Valkenburgh, 2004). It is critical to address discrepancies in the classification of 
bear species' diets given the important insights diets provide about the ecological roles 
and niche width of species (Machovsky-Capuska, Senior, Simpson, & Raubenheimer, 
2016), as well as for addressing concerns over potential human-bear conflicts.  
Diets of bear species in North America have been widely studied and show a 
broad use of food resources. American black bear and brown bear diets include soft mast, 
hard mast, fruit, insects, fish, and ungulates, while polar bears eat mostly seals that can be 




Rockwell, 2013; Thiemann et al., 2008). Thus, North American brown and black bears 
seem to have flexible diets that change in composition according to resource availability 
fluctuations and competition with other species (Hertel, Zedrosser, Kindberg, Langvall, 
& Swenson, 2019; Mangipane et al., 2020; Merkle, Polfus, Derbridge, & Heinemeyer, 
2017). In addition, bear diets can vary according to life stage and sex (Adams et al., 2017; 
Fortin et al., 2013). However, there are relatively few studies of bear diets outside of 
North America, thus the diets of many species remain little understood. For example, it 
was thought that Andean bears (Tremarctos ornatus) were entirely herbivorous with their 
diet dominated by bromeliads (Bromeliaceae) (Figueroa, 2013b; Troya, Cuesta, & 
Peralvo, 2004) until predation on mountain tapirs (Tapirus pinchaque) was documented 
(Rodriguez, Gomez, Moreno, Cuellar, & Lizcano, 2014). Furthermore, historically there 
were frequent informal reports of Andean bear attacks on livestock throughout the 
species' range that were treated as false until researchers confirmed that livestock attacks 
indeed occurred (Goldstein et al., 2006).  
Some researchers have suggested that attacks on livestock by bears is the result of 
atypical behavior of a few "nuisance individuals" rather than being an intrinsic trait of the 
species (Goldstein et al., 2006; Gunther et al., 2004; Hopkins III et al., 2012). In fact, 
livestock predations have been reported for most bear species such as the Andean bear, 
sun bear (Helarctos malayanus), Asian black bear (Ursus thibetanus), American black 
bear, and brown bear (Goldstein et al., 2006; Huang, Li, Shi, & Jiang, 2018; Reyna‐
Sáenz, Zarco‐González, Monroy‐Vilchis, & Antonio‐Némiga, 2015; Wells, McNew, 
Tyers, Van Manen, & Thompson, 2019; Wong, Leader-Williams, & Linkie, 2015). In 




problem bears. Still, it is believed that with the exception of some local populations (e.g., 
Hilderbrand et al., 1999) diets of omnivorous bears species are predominantly composed 
of plants, followed by insects, and with occasional use of vertebrates. Thus, attacks of 
bears on livestock seem to be opportunistic, unlike attacks on livestock by large cats and 
canids, which are often associated with habitat loss and reductions in the availability of 
natural prey (Janeiro-Otero, Newsome, Eeden, Ripple, & Dormann, 2020; Khorozyan, 
Ghoddousi, Soo, & Waltert, 2015; Soofi et al., 2019). 
Stable isotopes analysis has been used increasingly in diet studies. Stable isotopes 
occur naturally in all environments, and bio-accumulate in organisms, with primary 
producers having the lowest signatures of 15N, and increasing with each trophic level 
(Newsome, Martinez del Rio, Bearhop, & Phillips, 2007). Bear diet studies estimating 
signatures of N15exist for polar bears, brown bears, American black bear  and Asian black 
bears (Adams et al., 2017; Naganuma et al., 2020; van Manen, Lackey, Beckmann, 
Muller, & Zheng-Hua, 2019). However, there are no isotope studies for the other four 
bear species whose diet data come from scats and behavioral studies, hence, restraining 
diet comparison among bear species. Considering that human-bear conflicts may be 
related to species diet requirements, a better understanding of trophic levels and diet may 
also lead to better knowledge of their feeding behaviors, such as livestock predation and 
agricultural crop use. 
 Here we used the 15N content of hair samples from the eight bear species and 
from reference mammal species (including carnivores, omnivores and herbivores) to infer 
the trophic position of bear species, given that 15N increases hand in hand with trophic 




carnivorous bears will present higher 15N signatures that are similar to reference 
carnivores, while more herbivorous bears will present lower 15N values similar to 
reference herbivores. We also searched the published literature and compiled bear diet 
composition data and reported conflicts that included livestock predation and agricultural 
crop damage by bears worldwide. We examined if 15N content of bear species were 
correlated with reported bear diet composition, and reported human-bear conflicts, 
expecting more reports of livestock predation for more carnivorous bear species, and 
more reports of crop damage for herbivorous bear species. 
3.2 Methods  
3.2.1 Bear diets and relative trophic position.  
We collected 166 hair samples representing all eight extant bear species and 18 
reference mammal species from 6 localities (Fig. 1) to determine the 15N content of hair 
samples and infer bear  diets and relative trophic positions (Newsome et al., 2007). Bear 
specimens represented seven localities: Peru and Venezuela in South America, New 
Mexico and Alaska in North America, Szechuan province in China, Jammu-Kashmir in 
India, and Borneo in Indonesia (Fig. 1). For comparison and to determine the relative 
trophic position of bears we also obtained and analyzed hair samples from 103 mammal 
species that represented carnivores (cats, wolves), omnivores (foxes, ferrets, civets, 
racoons), and herbivores (ungulates) in each region (Table S1). For polar bears we 
included samples of harbor seal (Phoca Vitulina) specimens from Alaska, which is an 




Nearly all of our species’ samples came from specimens at the Smithsonian 
Museum of Natural History (150 samples), and the Natural History Museum of the 
National University of San Marcos in Lima, Peru (13 samples). To reduce possible 
effects of large temporal differences in collection date on 15N sample content within sites, 
we restricted sampling to specimens collected within a twenty-year window period within 
each locality, except for Alaska (34 years) and Peru (58 years).  To determine 15N content 
of hair samples we first rinsed the hair samples in acetone, followed by a rinse in hexene, 
to remove dust and contaminants that the samples may have accumulated in storage (Bol 
& Pflieger, 2002). We then packed 0.50-1.00 mg of hair from each species in tin (Sn) 
capsules and analyzed in an elemental analyzer (PDZ Europa ANCA-GSL, Sercon Ltd., 
Cheschire UK) interfaced with a continuous-flow isotope ratio mass spectrometer (PDZ 
Europa 20-20, Sercon Ltd., Cheschire UK) at the UC Davis Stable Isotope Facility of the 





Figure 3.0-1 δ15N values from hair samples for bear and reference mammals from the six 
localities sampled, Alaska (1941-1975) and New Mexico (1902-1920) in the United 
States, and for Sichuan in China (1925-1934), Borneo in Indonesia (1908-1914), Jammu 
and Kashmir in India (1891-1915), and for Peru (1965-2017) and Venezuela (1908-1910) 
in South America (1965-2017). RT=R. tarandus, VV=V.vulpes, CL=C. lupus, PV=P. 
vitulina, UA=U. arctos, UR=U. arctos, UM=U. maritimus, OV=O. virginianus, PL=P. 
lotor, LR=L. rufus, EC=E. cephalopus, MM=M. moschata, CT=C. Temminckii, UT=U. 
thibetanus, AM=A. melanoleuca, RU=R. unicolor, PH=P. hermaphroditus, PB=P. 
bengalensis, HM=H. malayanus, CE=C. elaphus, MF=M. foina, MU=M. ursinus, 
Ma=Mazama, EB=E. Barbara, TO=T. ornatus. 
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3.2.2 Bear diet composition data and conflicts compilation 
We performed a literature review to evaluate the relative amounts of plants, 
vertebrates, and insects in the diet of bears as reported by previous studies. We used the 
Web of Science (WOS) to conduct six systematic literature searches of papers reporting 
diets of all bear species except the well-known specialists (giant panda and polar bear) for 
which there is little or no diet variability. In addition, for the least-studied bear species 
(e.g., Andean bear, Sun bear) we included articles that our systematic searches failed to 
detect because they were not indexed by the WOS (Table S2).  
We also conducted 16 systematic searches on the WOS for literature reporting 
conflicts between bears and humans worldwide (Table S3). We used these data to 
evaluate how bear diets were related to conflicts that included predation of livestock and 
damage to agricultural crops. 
3.2.3 Data analysis 
To evaluate differences of δ15N content between hair samples we used a Bayesian 
framework on JAGS (Plummer, 2003) in R (R Core Team, 2012) and the package R2jags 
(Su & Yajima 2015). We used locality and species as predictor variables. For Venezuela 
we could not obtain samples of reference species (carnivores, herbivores or omnivores) 
and thus we used the values from reference species collected in Peru. Still, our analyses 
maintained the different origins of T. ornatus from Peru and Venezuela as a distinct level. 







1# =	 species# 	+ 	 locality# +	ε# 
?$~@ABCDE(0, G%) 
We used diffuse weakly-informative priors: 
H$ 	~@ABCDE	(0,10%) , G	~	JKLMABC	(0,10) 
We used three chains in the Markov chain Monte Carlo (MCMC) process with 
40000 burn-in iterations, 10 thinning rate and 50000 iterations for each posterior 
distribution. We estimated the posterior mean of δ15N and confidence intervals for each 
species in each locality sampled (Table 1). We determined differences among bear diet 
from different localities calculating differences among their predicted means inside of the 
MCMC algorithm.  
We compared the level of carnivory of bear species from values reported in the 
literature as relative frequencies of plants, vertebrates, and insects (Table S4). In order to 
standardize and combine data metrics across studies (e.g., volumes, frequencies, dry 
weight, etc.) we transformed measures to relative frequency and if necessary re-classified 
diet items as plant, vertebrate or insect.  
In order to evaluate the level of conflicts related to predation of livestock or crop 
damage reported in literature, we calculated the frequency of articles reporting livestock 
predation and crop damage by bears in relation to the total number of articles found in the 
search of each bear species, assuming a higher proportion indicates those species have 
greater conflicts (i.e., 





Last, we examined the correlation between the δ15N content with the relative 
frequency of plants, vertebrate, and insect items, and also with the frequency of conflicts 
reported for the bear species. Data and scripts of this analysis are available in 
https://github.com/nereydafl/isotopes_hair_bear.git. 
3.3 Results 
3.3.1 δ15N values, mammal diets, and bear trophic position 
All three MCMC chains of the Bayesian model converged successfully. In all 
localities, content of 15N in hair samples for reference mammals fell within expectations: 
carnivores and omnivores had approximately twice (or higher) δ15N levels than 
herbivores, while marine piscivores had about ten times the values of terrestrial 
herbivores (Fig. 1). Reference herbivores showed the lowest values of δ15N among 
localities with the exception of brown bears in India, and giant pandas bears in China, 
which showed the lowest average δ15N values at their localities. Curiously, many 
omnivorous species had higher δ15N values than carnivoruous species (Fig. 1), but 
perhaps not surprising since many omnivorous species can be highly carnivorous.  
In Alaska, American black bears and brown bears showed lower δ15N values than 
reference carnivore and omnivores, while polar bears had by far the highest values 
followed closely by the reference piscivore species (harbor seals) (Fig. 1, Table 1). In 
New Mexico, American black bears also showed lower values of δ15N than carnivore and 
omnivore species, but brown bear values were in between the omnivores and the 
carnivores (Fig. 1, Table 1). In China, panda bears had the lowest δ15N values, while 




omnivores and carnivores (Fig. 1, Table 1). Andean bears from Peru and Venezuela had 
values of δ15N that were higher than the herbivores but lower than omnivores (Fig. 1, 
Table 1). In India, the δ15N values of brown bears were below reference herbivores, while 
the Asian black bear values were above the herbivores but still below the omnivores and 
carnivores (Fig. 1, Table 1). Remarkably, the sloth bear in India showed higher values of 
δ15N on average than the reference carnivore species (leopard cat) (Fig. 1, Table 1). In 
Indonesia, sun bears showed higher δ15N values than reference herbivores but lower than 
omnivores and carnivores (Fig. 1, Table 1).  
3.3.2 Comparison among bear species.  
When performing pairwise comparisons among all bear species (controlling for 
locality differences in δ15N, see Fig. S5), as expected the lowest δ15N values belonged to 
giant pandas bears, but brown bears from India also had very low values (Fig. 2). The 
isotopic signatures of giant pandas and brown bears in India differed from brown bears in 
Alaska and New Mexico, and from sloth bears and polar bears (Fig. 2). In fact, polar 
bears were the most distinct of all bears with δ15N estimates at least twice as high as any 
other bear species (Fig. 2). In addition, brown bears from New Mexico differed from 
American black bears, Andean bears, and Asian black bears (Fig. 2). Similarly, sloth 








Table 3.1 Model estimated posterior means of δ15N for hair samples from bears and 
reference species by locality. Standard deviation (SD) and 95% Credible intervals. 
 





R. tarandus Herb. 3.16 1.67 -0.12 6.33 
V.vulpes Omiv. 6.91 1.66 3.69 10.07 
C. lupus Carni. 6.87 1.62 3.56 9.96 
P. vitulina Pisci. 17.96 1.73 14.60 21.34 
U.americanus Bear 4.24 1.67 0.90 7.59 
U.arctos Bear 6.66 1.59 3.74 9.95 






o O. viginianus Herb. 2.30 4.80 -7.30 11.70 
P. lotor Omiv. 9.23 4.84 -0.25 18.71 
L. rufus Carni. 6.12 4.83 -3.44 15.44 
U.americanus Bear 5.91 2.69 4.86 9.05 






E. cephalopus Herb. 2.85 1.65 -0.28 6.05 
M. moschata Omiv. 8.25 1.65 4.91 11.39 
C. temminckii Carni. 5.38 1.72 2.05 8.67 
A. melanoleuca Bear 1.42 1.65 -1.96 4.70 









a  Mazama Herb. 3.88 1.73 0.59 7.26 
E. barbara Omiv. 7.56 1.64 4.23 10.74 
T. ornatus Bear 4.56 1.68 1.33 7.80 
T. ornatus.V Bear 4.33 1.74 0.82 7.76 
JK
 
C. elaphus Herb. 2.72 1.93 -1.12 6.43 
M. foina Omiv. 5.93 1.66 2.72 9.21 
P. bengalensis Carni. 5.41 1.67 2.11 8.69 
U.thibetanus Bear 3.45 1.71 0.14 6.74 
U.arctos Bear 1.61 1.84 -1.92 5.21 





R. unicolor Herb. 5.24 1.65 1.98 8.40 
P. hermaphroditus Omiv. 8.66 1.66 5.43 11.94 
P. bengalensis Carni. 5.47 1.70 2.06 8.76 
H. malayanus Bear 6.24 1.71 2.86 9.56 
       
 sigma  1.53 0.09 1.35 1.73 






Figure 3-0-2 Bear posterior means and credible intervals. Letters show which bear 
species are similar to others. Abbreviations for species and localities: AM= A. 
melanoleuca, UT=U. thibetanus, TO=T. ornatus, UA=U. americanus, HM=H. 
malayanus, UR=U. arctos, MU=M. ursinus, UM=U. maritimus. I=India, C=China, 
V=Venezuela, P=Peru, A=Alaska, NM=New Mexico. Bear artwork by Roger Hall.  
 
3.3.3 Bear δ15N values and reported diets and conflicts. 
Overall, bear diets (relative trophic position) according to δ15N analysis were 
similar to diets reported in the literature (Fig. 3). For example, bear δ15N values were 
positively correlated with relative frequencies of vertebrates in their diet as reported in 
studies (r= 0.93, p<0.01) and negatively correlated with relative frequencies of plant 
materials (r= 0.78, p<0.05). But the relative frequency of insects in bear diets was not 
correlated with δ15N values (r= 0.15, p>0.05), likely because insects were 
disproportionately high for two bear species relative to other bear species. Most bear diets 




vertebrates (Fig. 3).  Insects comprised large fractions of the diets of sloth and sun bears. 
Compared to other bear species, brown bear diets were the most variable (Fig. 3). As 
expected, panda bear diet was composed exclusively of plants (Fig. 3). 
The largest frequency of bear-human conflicts (livestock predation + agricultural 
crop damage) was found for sun bears (5 reports in 54 articles), followed by brown bears 
(52 reports in 2203 articles) (Fig. 3). When examining only livestock predation, Andean 
bears had the highest frequency, and when examining only crop depredation, sun bears 
had the highest frequency of conflicts (Fig. 3). We found no conflicts reported for polar 
bears or giant pandas, and very low frequency of conflicts with American black bears, 
despite it being the species with the second largest number of published articles (7 reports 
in 1,357 articles). No correlation was found between the frequency of articles on 
livestock predation, and the relative frequency of vertebrates in bear diets (r=-0.27, 
p>0.05) or δ15N (r=-0.32, p>0.5), nor between crop damage and the relative frequency of 





Figure 3.3 Estimates from literature. (a) Diet composition. (b) Frequency of bear 
conflicts reported. 
3.4 Discussion  
The 15N signatures of bears were consistent with diet composition data reported in 
previous studies. After controlling for the effects of localities in isotopic signatures, 
dietary inferences from 15N values of bear species estimated overall bear diets well, as the 
frequency of plant and vertebrate intake were correlated with δ15N, even for species with 
limited sample sizes. Bears with high frequencies of insect intake also had high δ15N, 




have a higher δ15N values than plants (Ditmer, Garshelis, Noyce, Haveles, & Fieberg, 
2016)(Figure 2 and 3). Consistency in δ15N values was present even for samples collected 
more than 10 years apart such as those from Peru and Venezuela (Table 1).  
Brown bears in India showed very low δ15N implying a more herbivorous diet 
strikingly different from brown bears in Alaska and New Mexico which were 
carnivorous. Although, high herbivory has been reported from brown bear populations in 
Iran and Russia, we had a very small sample size from India (n=2) that may not be a 
strong representation of the broader regional population (Ogurtsov, 2018; Soofi, 
Qashqaei, Aryal, & Coogan, 2018). Brown bear was the species which differed most 
between localities compared with Asian black bears, Andean bears, and American black 
bears, suggesting a more flexible diet. Considering that brown bears are the most 
widespread bear species, diet flexibility may be a trait related to the species adaptation to 
diverse environments (Bojarska & Selva, 2012; Edwards, Derocher, Hobson, Branigan, 
& Nagy, 2011). The giant panda bear had the most specialized diet and is restricted to a 
specific habitat (Han et al., 2019). We only obtained one sample from a sloth bear; the 
estimated δ15N value was consistent with its diet composition reported in previous studies 
which validated it as a reference. Polar bears showed very high δ15N values as a result of 
higher trophic position but also because marine organisms have higher 15N content than 
terrestrial organisms. This also affected the δ15N values of the harbor seals. 
Overall, our study shows that the diet of most bear species does not differ 
meaningfully, with most bears having a diet largely based on plant material. Although 
giant panda bears are specialized herbivores, according to isotopic signatures they share 




for the most carnivorous (brown bears and polar bears) and insectivorous (sloth bears and 
sun bears) bear species (Fig. 2). Comparing bears to reference mammals shows that most 
species have higher trophic positions than reference herbivores, and they can be above or 
below reference omnivores and carnivores. (Table 1).  
Our sampling was limited to relatively few museum specimens thus we were 
unable to account for additional sources of variation in isotopic signatures such as 
seasonal and sex differences (Milakovic & Parker, 2013). Still, our δ15N values were 
similar with values reported from previous studies. For example, the average δ15N for 
wild populations of American black bear was 4.68 (± 1.27 SD) in Nevada, 3.2 (± 1.2 SD) 
in Yellowstone National Park, and 6.0 (± 2.9 SD) in Alaska (Fortin, Farley, Rode, & 
Robbins, 2007; Fortin et al., 2013; van Manen et al., 2019). Such range and variance 
estimates of δ15N are from much larger sample sizes than in our study (some including 
seasonal and sex variances), and yet, they are similar to the ones we estimated for 
American black bears 4.24 (± 1.62 SD) in Alaska and 5.91(± 2.69 SD) in New Mexico 
(Table 1). Similarly, the average δ15N for wild populations of Brown bear was 5.07 (± 
0.18 SD) in Yukon territory, 3.59 (± 0.84 SD) to 5.32(± 0.66 SD) for different seasons in 
British Columbia, 5.1 (±1.6 SD) in Yellowstone National Park, 11.5 (± 1.8 SD) in Alaska 
(Fortin et al., 2007, 2013; Koizumi & Derocher, 2019; Milakovic & Parker, 2013). 
Values in our study ranged from 6.66 (SD=1.59) in Alaska to 8.39 (SD=1.63) in New 
Mexico where brown bears are extirpated (Mattson & Merrill, 2002). 
Our study shows that bear trophic positions and diet are not correlated with the 




being distinct from bear diet. These results support the hypothesis that livestock predation 
by bears may be related to opportunistic behavior rather than a response to pressure on 
their natural food (Goldstein et al., 2006; Gunther et al., 2004; Hopkins III et al., 2012). 
Moreover, this opportunistic feeding behavior is not exclusive to any particular bear 
species; existing conflicts reports were mostly for bears whose home ranges included 
livestock or crops. We did not find any conflict reports for giant panda bears because they 
are a highly specialized bamboo feeder, as well as for polar bears whose geographic 
home range does not overlap with livestock or agricultural crops. Sloth bears had only 
reports for crop damage, which seems to be a consequence of feeding on insects living 
within crops rather than feeding on crops (Bargali, Naim, & Chauhan, 2004). 
Additionally, we found reports of human attacks by sloth bears which were not 
considered in this study (Dhamorikar, Mehta, Bargali, & Gore, 2017). 
This study highlights the variance among published diets of bear species (Table 
S3). While American black bear, brown bear, polar bears and giant pandas are most 
studied, we found other bear species are remarkably less studied even though they are 
species of conservation concern. Furthermore, we believe that some literature may have 
been missed in our search such as local or grey literature articles or articles in languages 
other than English, not included in the Web of Science. This was the case for some 
publications of Andean bear diet which we found in Spanish, but we suspect that this may 
have also happened with Indian, Indonesian, and Chinese publications that may have 
been overlooked. We used relative frequencies of conflicts in literature in relation to total 
publications as proxy for the frequency of bear species conflicts, but this estimate may be 




species in Asia may be reported more frequently than conflicts with bear species in North 
America, because more people are affected, and because studies of the ecology and 
biology of the Asian bears are limited, they may receive greater prominence in reporting. 
However, differences among relative frequencies of bear conflicts are not restricted to 
greater and lesser studied bear species which suggests that our estimate is valid. Finally, 
our results showed that diet similarities among bears are more common than differences 
and that diet can be better understood by its gradual changes than by categorical 
classifications. Thus, similar patterns among bears suggest that techniques developed for 
dealing with human-bear conflicts for certain bear species can be applied to others as 








SUPPLEMENTAL MATERIAL CHAPTER 2 
 
Figure S2.1 Differences among model predictions of habitat suitability for Spectacled 
bears in Central Peru are indicated (boxes). Predictions from models with only published 
records (a), (d), (g) and (j) show less connected areas than predictions from models that 
(a)glm 1 (b)glm 2 (c)glm 3
(d)RF 1 (e)RF 2 (f)RF 3
(g)Maxent 1 (h)Maxent 2 (i)Maxent 3





include unpublished data. Models with more data (b), (e), (h) and (k) show a larger 
predicted area than models with unpublished data but equal amounts of data (c), (f), (i) 






Figure S2.2 Presence-absence smoothed calibration plots for all models. Dashed line 
shows perfect calibration, grey line model calibration and black lines 95%confidence 
intervals. Rug plots show model presence (black) and absences (grey). Overall, all 
models show good calibration. 
 



























































































































































































































































































































Table S2.3 Initial model’s validation used to select approach for final models. Models 
used dataset 1 (published data). Generalized linear models (GLM), random forest (RF), 





Table S2.4 Average variables importance from initial models using dataset 1 (published 
data). Area under the curve (AUC). 
 
Variable AUC test sd 
Perhumid-Semisaturated 0.65 0.19 
Semiarid 0.10 0.01 
Amazon 0.09 0.04 
Dry forest 0.04 0.03 






Models GLM RF Maxent 
AUC TSS AUC TSS AUC TSS 
M_land: DryForest + Elevation + 
PerHumidSemisaturated + Semiarid + Amazon 
0.90 0.68 0.95 0.79 0.92 0.71 
M_clim: 
bio1+bio12+bio7+bio3+bio15+Elev1+Slope 




Table S2.5 Models Overlap calculated by Schoener’s D. Dataset1(only published 
records), dataset2 (published and additional unpublished records), dataset3 (published 
and unpublished records with amount of records equal to dataset1), generalized linear 
models (GLM), random forest (RF), maximum entropy (Maxent). 
 
 GLM RF Maxent Ensemble 
Dataset 2 vs.1 0.97 0.93 0.97 0.97 
Dataset 3 vs.1 0.96 0.92 0.96 0.95 
 
 
Figure S2.6 Relationships between probability of occurrence and the environmental 
variables are consistent among datasets but methods differ. Relationship patterns are most 
similar for Perhumid-Semisaturated, followed by Semiarid habitat and Elevation. 
Dataset1(only published records), dataset2 (published and additional unpublished 
records), dataset3 (published and unpublished records with amount of records equal to 








SUPPLEMENTAL MATERIAL CHAPTER 3 
Table S3.1 Specimens sampled. Catalog identification (ID), locality, year of collection 
and δ15N values. 
species ID Locality year Origen δ15N Diet 
A. melanoleuca 258424 Szechuan 1933 NMNH 1.32 bear 
A. melanoleuca 258834 Szechuan 1933 NMNH 0.5 bear 
A. melanoleuca 258835 Szechuan 1933 NMNH 1.0 bear 
A. melanoleuca 258836 Szechuan 1933 NMNH 2.39 bear 
A. melanoleuca 259074 Szechuan 1934 NMNH 0.69 bear 
E. cephalopus 258556 Szechuan 1933 NMNH 1.33 herb. 
E. cephalopus 258557 Szechuan 1933 NMNH 2.47 herb. 
E. cephalopus 258679 Szechuan 1933 NMNH 1.52 herb. 
E. cephalopus 258680 Szechuan 1933 NMNH 3.17 herb. 
E. cephalopus 258681 Szechuan 1933 NMNH 2.09 herb. 
E. cephalopus 258688 Szechuan 1933 NMNH 5.05 herb. 
E. cephalopus 258689 Szechuan 1933 NMNH 4.88 herb. 
R. unicolor 151859 Borneo 1908 NMNH 6.46 herb. 
R. unicolor 151860 Borneo 1908 NMNH 5.83 herb. 
R. unicolor 151861 Borneo 1908 NMNH 3.46 herb. 
R. unicolor 197694 Borneo 1913 NMNH 6.98 herb. 
R. unicolor 197695 Borneo 1913 NMNH 3.91 herb. 
R. unicolor 197696 Borneo 1913 NMNH 4.87 herb. 
R. unicolor 197697 Borneo 1913 NMNH 5.25 herb. 
C. elaphus 63474 India 1895 NMNH 3.13 herb. 
C. elaphus 198673 India 1913 NMNH 2.41 herb. 
R. tarandus 293120 Alaska 1951 NMNH 6.02 herb. 
R. tarandus 293121 Alaska 1951 NMNH 5.39 herb. 
R. tarandus 293122 Alaska 1951 NMNH 3.1 herb. 
R. tarandus 294030 Alaska 1950 NMNH 2.18 herb. 
R. tarandus 294031 Alaska 1950 NMNH 1.65 herb. 
R. tarandus 294032 Alaska 1950 NMNH 0.48 herb. 




O. virginianus 157134 New Mexico 1908 NMNH 3.36 herb. 
O. virginianus 157636 New Mexico 1908 NMNH 4.18 herb. 
O. virginianus 128752 New Mexico 1903 NMNH 4.09 herb. 
O. virginianus 131569 New Mexico 1903 NMNH 4.47 herb. 
O. virginianus 135060 New Mexico 1904 NMNH 6.18 herb. 
M. chunyi 21351 Peru 1965 MUSM 2.42 herb. 
M. chunyi 2165 Peru 1990 MUSM 2.66 herb. 
M. chunyi 13029 Peru 1986 MUSM 3.51 herb. 
M. americana 2168 Peru 1990 MUSM 6.83 herb. 
M. moschata 254917 Szechuan 1929 NMNH 10.37 omiv. 
M. moschata 254918 Szechuan 1929 NMNH 10.28 omiv. 
M. moschata 255528 Szechuan 1930 NMNH 6.41 omiv. 
M. moschata 240996 Szechuan 1925 NMNH 8.06 omiv. 
M. moschata 258352 Szechuan 1932 NMNH 6.5 omiv. 
M. moschata 254588 Szechuan 1929 NMNH 7.97 omiv. 
P. hermaphroditus 151876 Borneo 1908 NMNH 9.13 omiv. 
P. hermaphroditus 196618 Borneo 1912 NMNH 8.48 omiv. 
P. hermaphroditus 196619 Borneo 1912 NMNH 7.6 omiv. 
P. hermaphroditus 197241 Borneo 1913 NMNH 7.37 omiv. 
P. hermaphroditus 197248 Borneo 1913 NMNH 9.8 omiv. 
P. hermaphroditus 198059 Borneo 1913 NMNH 9.82 omiv. 
M. foina 173301 India 1910 NMNH 6.36 omiv. 
M. foina 173302 India 1910 NMNH 5.8 omiv. 
M. foina 173303 India 1910 NMNH 6.2 omiv. 
M. foina 173304 India 1910 NMNH 5.48 omiv. 
M. foina 201065 India 1915 NMNH 5.79 omiv. 
M. foina 201066 India 1915 NMNH 6.42 omiv. 
M. foina 201067 India 1915 NMNH 5.35 omiv. 
V. vulpes 276128 Alaska 1945 NMNH 5.7 omiv. 
V. vulpes 294410 Alaska 1952 NMNH 6.79 omiv. 
V. vulpes 294411 Alaska 1952 NMNH 7.82 omiv. 
V. vulpes 294412 Alaska 1952 NMNH 7 omiv. 
V. vulpes 276127 Alaska 1945 NMNH 7.36 omiv. 
P. lotor 118625 New Mexico 1902 NMNH 9.93 omiv. 




P. lotor 132483 New Mexico 1904 NMNH 10.45 omiv. 
P. lotor 158241 New Mexico 1908 NMNH 13.58 omiv. 
P. lotor 160601 New Mexico 1909 NMNH 10.27 omiv. 
P. lotor 158243 New Mexico 1908 NMNH 12.9 omiv. 
E. barbara 2336 Peru 1997 MUSM 6.88 omiv. 
E. barbara 12674 Peru 1990 MUSM 9.16 omiv. 
E. barbara 5846 Peru 1991 MUSM 6.86 omiv. 
E. barbara 7206 Peru 1990 MUSM 7.24 omiv. 
E. barbara 2155 Peru 1990 MUSM 6.72 omiv. 
E. barbara 9442 Peru 1994 MUSM 8.81 omiv. 
P. vitulina 276055 Alaska 1947 NMNH 17.67 pisci. 
P. vitulina 276056 Alaska 1947 NMNH 18.61 pisci. 
P. vitulina 276057 Alaska 1947 NMNH 17.96 pisci. 
P. vitulina 276365 Alaska 1947 NMNH 18.19 pisci. 
U. thibetanus 258349 Szechuan 1933 NMNH 5.63 bear 
U. thibetanus 258352 Szechuan 1933 NMNH 2.96 bear 
U. thibetanus 239645 Szechuan 1933 NMNH 2.85 bear 
U. thibetanus 258646 Szechuan 1933 NMNH 5.25 bear 
U. thibetanus 259011 Szechuan 1934 NMNH 6.19 bear 
U. thibetanus 20119 India 1891 NMNH 4.24 bear 
U. thibetanus 21844 India 1891 NMNH 2.96 bear 
U. thibetanus 21845 India 1891 NMNH 4.02 bear 
U. thibetanus 84092 India 1897 NMNH 0.95 bear 
U. thibetanus 84093 India 1897 NMNH 3.82 bear 
T. ornatus 155575 Venezuela 1908 NMNH 3.29 bear 
T. ornatus 168115 Venezuela 1907 NMNH 4.43 bear 
T. ornatus 170656 Venezuela 1910 NMNH 4.91 bear 
T. ornatus 171011 Venezuela 1910 NMNH 4.57 bear 
T. ornatus OXA002 Peru 2017 Field 4.96 bear 
T. ornatus AM001 Peru 2002 Field 3.39 bear 
T. ornatus OXA001 Peru 2017 Field 3.01 bear 
T. ornatus 22965 Peru 2006 MUSM 4.93 bear 
T. ornatus 2966 Peru 2006 MUSM 6.79 bear 
T. ornatus T001 Peru 1990 MUSM 4.08 bear 




H. malayanus 198713 Borneo 1914 NMNH 4.76 bear 
H. malayanus 198714 Borneo 1913 NMNH 6.17 bear 
H. malayanus 198715 Borneo 1914 NMNH 6.62 bear 
U. americanus 286411 Alaska 1950 NMNH 5.29 bear 
U. americanus 286832 Alaska 1950 NMNH 4.52 bear 
U. americanus 292927 Alaska 1951 NMNH 3.78 bear 
U. americanus 224500 New Mexico 1916 NMNH 4.97 bear 
U. americanus 224501 New Mexico 1916 NMNH 4.8 bear 
U. americanus 231353 New Mexico 1918 NMNH 6.69 bear 
U. americanus 231356 New Mexico 1918 NMNH 5.26 bear 
U. americanus 231358 New Mexico 1918 NMNH 6.43 bear 
U. americanus 231361 New Mexico 1918 NMNH 6.72 bear 
U. arctos 292035 Alaska 1950 NMNH 5.72 bear 
U. arctos 293123 Alaska 1951 NMNH 6.81 bear 
U. arctos 293124 Alaska 1951 NMNH 8.21 bear 
U. arctos 293125 Alaska 1951 NMNH 4.43 bear 
U. arctos 293782 Alaska 1951 NMNH 4.91 bear 
U. arctos 294029 Alaska 1951 NMNH 4 bear 
U. arctos 294078 Alaska 1969 NMNH 3.71 bear 
U. arctos 286413 Alaska 1950 NMNH 14.7 bear 
U. arctos 223393 New Mexico 1916 NMNH 7.96 bear 
U. arctos 223394 New Mexico 1916 NMNH 8.47 bear 
U. arctos 223395 New Mexico 1916 NMNH 8.36 bear 
U. arctos 223396 New Mexico 1916 NMNH 6.88 bear 
U. arctos 231286 New Mexico 1918 NMNH 9.47 bear 
U. arctos 231287 New Mexico 1918 NMNH 10.55 bear 
U. arctos 235098 New Mexico 1920 NMNH 8.75 bear 
U. arctos 224496 New Mexico 1916 NMNH 7.19 bear 
U. arctos 21691 India 1893 NMNH 2.9 bear 
U. maritimus 512167 Alaska 1971 NMNH 20.86 bear 
U. maritimus 512168 Alaska 1971 NMNH 21.27 bear 
U. maritimus 512169 Alaska 1971 NMNH 21.07 bear 
U. maritimus 512170 Alaska 1971 NMNH 22.3 bear 
U. maritimus 512171 Alaska 1971 NMNH 20.56 bear 




C. temminckii 258556 Szechuan 1929 NMNH 4.98 carni. 
C. temminckii 258694 Szechuan 1933 NMNH 4.42 carni. 
C. temminckii 259016 Szechuan 1934 NMNH 5.13 carni. 
C. temminckii 259012 Szechuan 1934 NMNH 7.01 carni. 
P. bengalensis 153846 Borneo 1908 NMNH 8.4 carni. 
P. bengalensis 196601 Borneo 1913 NMNH 7.17 carni. 
P. bengalensis 198055 Borneo 1913 NMNH 10.37 carni. 
P. bengalensis 198056 Borneo 1913 NMNH 9.92 carni. 
P. bengalensis 198057 Borneo 1913 NMNH 9.8 carni. 
P. bengalensis 62108 India 1905 NMNH 5.3 carni. 
P. bengalensis 173334 India 1911 NMNH 5.89 carni. 
P. bengalensis 173335 India 1911 NMNH 5.82 carni. 
P. bengalensis 201069 India 1915 NMNH 5.31 carni. 
P. bengalensis 201070 India 1915 NMNH 5.31 carni. 
C. lupus 295123 Alaska 1952 NMNH 5.15 carni. 
C. lupus 195124 Alaska 1952 NMNH 6.1 carni. 
C. lupus 195125 Alaska 1952 NMNH 4.86 carni. 
C. lupus 292928 Alaska 1952 NMNH 6.89 carni. 
C. lupus 294403 Alaska 1951 NMNH 6.86 carni. 
C. lupus 271894 Alaska 1941 NMNH 5.98 carni. 
C. lupus 274063 Alaska 1943 NMNH 12.17 carni. 
C. lupus 276126 Alaska 1945 NMNH 8.04 carni. 
C. lupus 324994 Alaska 1962 NMNH 6.6 carni. 
C. lupus 275163 Alaska 1953 NMNH 6.23 carni. 
L. rufus 223494 New Mexico 1916 NMNH 7.97 carni. 
L. rufus 223495 New Mexico 1916 NMNH 7.27 carni. 
L. rufus 223496 New Mexico 1916 NMNH 6.64 carni. 
L. rufus 223514 New Mexico 1916 NMNH 8.48 carni. 
L. rufus 223527 New Mexico 1916 NMNH 7.64 carni. 
L. rufus 223528 New Mexico 1916 NMNH 9.79 carni. 
L. rufus 223538 New Mexico 1916 NMNH 10.38 carni. 
U. arctos 21692 India 1893 NMNH 0.53 bear 





Table S3.2 Literature review using Web of Science from systematic searches performed 
from 20 to 23 July 2020, using search by topic (TS). Total numbers of peer review 
articles (T) and relevant peer review articles (R).  
Species Date Search string T R 
A. melanoleuca* 20/07/20 TS=(Ailuropoda 
melanoleuca  AND  diet )  
81 5* 
U. thibetanus 21/07/20 TS=(Ursus thibetanus  AND  diet )  35 16 
T. ornatus 20/07/20 TS=(Tremarctos ornatus  AND  diet )  17 3 
U. americanus 21/07/20 TS=(Ursus americanus  AND  diet )  86 23 
H. malayanus 21/07/20 TS=(Helarctos malayanus  AND  diet )  13 4 
U. arctos 23/07/20 TS=(Ursus arctos  AND  diet )  219 47 
M. ursinus 22/07/20 TS=(Melursus ursinus  AND  diet )  9 6 
U. maritimus* 22/07/20 TS=(Ursus maritimus  AND  diet )  135 5* 
*We used only 5 A. melanoleuca and 5 U. Maritimus articles as reference for these 
species 
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Table S3.3 Literature review using Web of Science from systematic searches performed 
from 16 to 19 July 2020, using search by topic (TS). Total numbers of peer review 
articles (T) and relevant peer review articles (R). Some articles were included in both the 
first and second search string. 
Species 
(total articles) 
Date Search string T R 
A. melanoleuca 
(708) 
16/07/20 TS=(Ailuropoda melanoleuca AND conflict AND 
(livestock OR cattle AND (predation OR depredation)))  
2 0 
TS=(Ailuropoda melanoleuca AND conflict AND (crop*))  1 0 
U. thibetanus 
(331) 
17/07/20 TS=(Ursus thibetanus AND conflict AND (livestock OR 
cattle AND (predation OR depredation)))  
8 7 
TS=(Ursus thibetanus  AND conflict AND (crop*))  12 11 
T. ornatus 
(103) 
16/07/20 TS=(Tremarctos ornatus AND conflict AND (livestock OR 
cattle AND (predation OR depredation)))  
4 4 
 TS=(Tremarctos ornatus AND conflict AND (crop*))  2 2 
U. americanus 
(1357) 
17/07/20 TS=(Ursus americanus   AND conflict AND (livestock OR 
cattle AND (predation OR depredation)))  
9 4 
TS=(Ursus americanus AND conflict AND (crop*))  8 3 
H. malayanus 
(54) 
18/07/20 TS=(Helarctos malayanus AND conflict AND (livestock 
OR cattle AND (predation OR depredation)))  
3 1 
TS=(Helarctos malayanus  AND conflict AND (crop*))  5 5 
U. arctos 
(2203) 
19/07/20 TS=(Ursus arctos AND conflict AND (livestock OR cattle 
AND (predation OR depredation)))  
53 44 
TS=(Ursus arctos  AND conflict AND (crop*))  13 8 
M. ursinus  
(65) 
18/07/20 TS=(Melursus ursinus AND conflict AND (livestock OR 
cattle AND (predation OR depredation)))  
5 0 
TS=(Melursus ursinus AND conflict AND (crop*))  6 2 
U. maritimus 
(1269) 
18/07/20 TS=(Ursus maritimus   AND conflict AND (livestock OR 
cattle AND (predation OR depredation)))  
0 0 
TS=(Ursus maritimus  AND conflict AND (crop*))  0 0 
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Table S3.4. Sources of diet data calculated relative frequency compilation for vegetal, 
insects and vertebrate food item consumed, and original units reported. 
SPECIES SOURCE F_VEG F_INS F_VERT ORIGINAL UNITS 
H. malayanus 1 34.88 65.12 0.00 Percent ingested 
H. malayanus 2 55.63 44.37 0.00 Percent of weight in scats 
H. malayanus 3 85.19 14.81 0.00 Sings related to foraging 
H. malayanus 4 43.69 56.31 0.00 Direct foraging observations 
H. malayanus 5* 28.91 54.98 16.11 Frequency observed in scats 
M. ursinus 6 63.91 36.09 0.00 Frequency observed in scats 
M. ursinus 1 38.38 61.62 0.00 Percent ingested 
M. ursinus 7 49.84 49.27 0.89 Frequency observed in scats 
M. ursinus 8 26.55 73.45 0.00 Frequency observed in scats 
M. ursinus 9 37.10 62.90 0.00 Frequency observed in scats 
M. ursinus 10 62.15 37.85 0.00 Frequency observed in scats 
T. ornatus 1 95.88 1.03 3.09 Percent ingested 
T. ornatus 11 99.94 0.00 0.06 Frequency observed in scats 
T. ornatus 12 87.84 6.08 6.08 Frequency observed in scats 
T. ornatus 13* 99.19 0.00 0.81 Percent of weight in scats 
T. ornatus 14* 97.01 1.50 1.50 Frequency observed in scats 
U. americanus 1 94.51 5.49 0.00 Percent ingested 
U. americanus 15 90.06 9.94 0.00 Frequency observed in scats 
U. americanus 16 43.00 0.00 57.00 
Diet contribution from isotopes 
signature 
U. americanus 17 99.54 0.00 0.46 
Diet contribution from isotopes 
signature 
U. americanus 18 67.42 22.92 9.66 Frequency observed in scats 
U. americanus 19 99.99 0.00 0.01 
Diet contribution from isotopes 
signature 
U. americanus 20 96.48 2.95 0.56 
Diet contribution from isotopes 
signature 
U. americanus 21 44.44 35.80 19.75 Percent of weight in scats 
U. americanus 22 55.37 44.63 0.00 Frequency observed in scats 
U. americanus 23 81.37 17.85 0.78 Frequency observed in scats 
U. americanus 24 67.38 0.00 32.62 
Diet contribution from isotopes 
signature 
U. americanus 25 91.65 2.90 5.45 Frequency observed in scats 
U. americanus 26 41.67 23.15 35.19 Frequency observed in scats 
U. americanus 27 66.47 21.93 11.60 Frequency observed in scats 
U. americanus 28 76.11 16.81 7.08 Frequency observed in scats 




U. americanus 30 83.60 0.00 16.40 
Diet contribution from isotopes 
signature 
U. americanus 31 71.92 0.00 28.08 
Diet contribution from isotopes 
signature 
U. americanus 32 69.45 23.80 6.76 Frequency observed in scats 
U. americanus 33 99.50 0.00 0.50 percent of volume in scat 
U. americanus 34 61.54 29.90 8.57 Frequency observed in scats 
U. americanus 35 78.87 13.92 7.22 Frequency observed in scats 
U. americanus 36 54.50 26.50 19.00 
Diet contribution from isotopes 
signature 
U. arctos 37 49.50 0.00 50.50 
Diet contribution from isotopes 
signature 
U. arctos 38 75.19 5.19 19.62 Frequency observed in scats 
U. arctos 1 88.89 3.03 8.08 Percent ingested 
U. arctos 39 29.01 0.00 70.99 
Diet contribution from isotopes 
signature 
U. arctos 40 91.04 5.86 3.11 Frequency observed in scats 
U. arctos 41 98.44 0.00 1.56 Frequency observed in scats 
U. arctos 42 93.04 4.54 2.42 Frequency observed in scats 
U. arctos 16 41.58 0.00 58.42 
Diet contribution from isotopes 
signature 
U. arctos 17 65.15 0.00 34.85 
Diet contribution from isotopes 
signature 
U. arctos 43 85.80 0.00 14.20 
Diet contribution from isotopes 
signature 
U. arctos 44 47.06 26.47 26.47 Frequency observed in scats 
U. arctos 45 65.14 16.53 18.33 Frequency observed in scats 
U. arctos 46 54.23 31.92 13.85 Frequency observed in scats 
U. arctos 47 53.51 30.81 15.68 Frequency observed in scats 
U. arctos 48 87.50 5.60 6.90 Frequency observed in scats 
U. arctos 49 84.43 0.00 15.57 Frequency observed in scats 
U. arctos 50 78.86 4.61 16.53 Frequency observed in scats 
U. arctos 51 63.45 0.00 36.55 
Diet contribution from isotopes 
signature 
U. arctos 52 74.32 21.01 4.67 Frequency observed in scats 
U. arctos 53 31.10 33.52 35.38 Frequency observed in scats 
U. arctos 54 81.02 11.39 7.59 Frequency observed in scats 
U. arctos 55 77.18 14.96 7.86 Frequency observed in scats 
U. arctos 56 75.31 0.00 24.69 
Diet contribution from isotopes 
signature 
U. arctos 57 84.12 8.93 6.95 Frequency observed in scats 
U. arctos 58 18.87 0.00 81.13 
Diet contribution from isotopes 
signature 
U. arctos 24 41.55 0.00 58.45 





U. arctos 59 70.83 0.00 29.17 
Diet contribution from isotopes 
signature 
U. arctos 60 40.52 37.47 22.01 Frequency observed in scats 
U. arctos 61 7.41 0.00 92.59 Frequency observed in scats 
U. arctos 62 74.51 1.96 23.53 Percent of weight in scats 
U. arctos 25 88.05 1.11 10.85 Frequency observed in scats 
U. arctos 63 3.70 0.00 96.30 
Diet contribution from isotopes 
signature 
U. arctos 64 80.08 14.60 5.31 Frequency observed in scats 
U. arctos 65 57.58 32.34 10.08 Frequency observed in scats 
U. arctos 66 88.44 4.52 7.04 percent of volume in scat 
U. arctos 30 51.87 0.00 48.13 
Diet contribution from isotopes 
signature 
U. arctos 31 23.92 0.00 76.08 
Diet contribution from isotopes 
signature 
U. arctos 67 77.46 3.60 18.94 percent of volume in scat 
U. arctos 68 71.68 13.26 15.05 Frequency observed in scats 
U. arctos 69 8.59 5.56 85.86 Frequency observed in scats 
U. arctos 70 71.43 14.82 13.75 Frequency observed in scats 
U. arctos 71 37.34 33.03 29.63 Frequency observed in scats 
U. arctos 72 66.94 0.00 33.06 Frequency observed in scats 
U. arctos 73 57.58 11.81 30.62 percent of volume in scat 
U. arctos 74 87.59 3.97 8.44 Frequency observed in scats 
U. arctos 75 22.00 50.00 28.00 
Diet contribution from isotopes 
signature 
U. arctos 76 50.03 28.65 21.32 Frequency observed in scats 
U.thibetanus 77 60.80 32.16 7.04 
Diet contribution from isotopes 
signature 
U.thibetanus 1 93.00 5.00 2.00 Percent ingested 
U.thibetanus 78 96.44 3.56 0.00 Frequency observed in scats 
U.thibetanus 79 95.84 3.99 0.17 Frequency observed in scats 
U.thibetanus 80 84.89 13.02 2.10 percent of volume in scat 
U.thibetanus 81 71.43 28.57 0.00 Frequency observed in scats 
U.thibetanus 82 48.17 49.77 2.06 Direct foraging observations 
U.thibetanus 83 70.74 17.42 11.84 Frequency observed in scats 
U.thibetanus 84 59.96 37.67 2.36 Direct foraging observations 
U.thibetanus 85 87.00 2.00 11.00 Frequency observed in scats 
U.thibetanus 86 76.67 1.78 21.55 Frequency observed in scats 
U.thibetanus 3 97.99 2.01 0.00 Direct foraging observations 
U.thibetanus 87 61.67 25.37 12.97 Frequency observed in scats 
U.thibetanus 88 90.81 9.19 0.00 Frequency observed in scats 




U.thibetanus 90 12.25 83.82 3.92 
Diet contribution from isotopes 
signature 
U. maritimus 1 2.00 0.00 98.00 Percent ingested 
U. maritimus 95 56.96 0.40 42.64 Frequency observed in scats 
U. maritimus 96 64.96 0.00 35.04 Frequency observed in scats 
U. maritimus 97 20.97 0.00 79.03 Frequency observed in scats 
U. maritimus 98 0.00 0.00 100.00 
Diet contribution from at acid 
signature 
A.melanoleuca 1 100.00 0.00 0.00 Percent ingested 
A.melanoleuca 99 100.00 0.00 0.00 Frequency observed in scats 
A.melanoleuca 100 100.00 0.00 0.00 Frequency observed in scats 
A.melanoleuca 101 100.00 0.00 0.00 Frequency observed in scats 










Figure S3.5. Model estimated posterior means for each locality. 50% credible intervals 
overlap 0 are indicated by ‘open’ circles, ‘closed’ grey circles when 95 % credible intervals 



















Figure S3.6 Model estimated posterior means for each species. 50% credible intervals 
overlap are indicated by ‘open’ circles, ‘closed’ grey circles when 95 % credible intervals 
overlap and by ‘closed’ black circles when they do not overlap. 
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